The ankle is one of the most common sites of musculoskeletal injury. In a series of 1176 athletic injuries, 14% were found to be injuries of the ankle, and 85% of those were specifically sprains of ankle ligaments [1] . Although many ankle ligaments can be well assessed by an operator trained in ultrasound techniques, evaluation by magnetic resonance imaging (MRI) offers the advantages of a comprehensive and operator-independent examination [2] .
In this article, a practical review of MRI of ankle ligaments is presented. The discussion is limited primarily to the ligaments surrounding the tibiotalar joint, particularly the inferior tibiofibular syndesmotic ligaments and the medial and lateral collateral ligaments ( Table 1 ). Because of its close association with the deltoid ligament, the spring ligament is also included. Ligament names are represented by unambiguous abbreviations similar to those appearing in the literature [3e5] .
For each ligament, normal anatomy, MRI appearance, and function will be addressed. Next, with regards to the injured ligament, basic mechanisms of injury will be reviewed, taking into consideration differing opinions in the literature that, in some cases, diverge from the classic teachings of Lauge and Hansen [3] . Because ligament injury usually manifests itself in similar ways, such as abnormal signal intensity (intrasubstance or periligamentous) or abnormal morphology (thickening, thinning, discontinuity, absence, irregularity, indistinctness, or heterotopic ossification) [2, 4, 6] , additional imaging clues to injury that are ligamentspecific will be emphasized. Finally, because chronic injury is the leading cause of ankle impingement [7] , we will cover those ankle impingement syndromes that are commonly caused by ligament injuries: anterolateral, anteromedial, posteromedial, and posterior ( Figure 1 ). We omit anterior impingement, which is not directly caused by ligament injury; posterolateral impingement, which is not well described; and extra-articular syndromes [8, 9] .
Lateral Collateral Ligaments
The lateral collateral ligament (LCL), which is involved in 85% of ankle sprains [10e12], consists of 3 ligaments: the anterior talofibular (ATaFL), the posterior talofibular (PTaFL), and the calcaneofibular.
ATaFL
The weakest component of the LCL [2, 6] , the ATaFL is a flat, quadrilateral ligament composed of 1, 2, or occasionally 3 closely spaced bands [11, 13] . The ATaFL arises from the anterior border of the lateral malleolus [13e15], specifically, its inferior oblique segment [11] . From there it passes anteromedially, in close association with the tibiotalar capsule [2, 11, 13] , to insert on the anterior portion of the lateral process of the talus [14] , just anterior to the portion that serves as the articular surface for the lateral malleolus [11,13e15] . When the talus is in neutral position, the ATaFL is roughly horizontal, inclined 25 relative to the horizontal plane [11] ; therefore, the ligament is best studied on axial images [14, 15] . On MRI, it appears as a single dark linear structure [15] ; the multiple anatomic bands of the ligament are not usually distinguished. To avoid confusion with the ATiFL, the ATaFL should be identified below the level of the joint line, at the fibular concavity [15] .
As is reflected in the principal clinical test for ATaFL function, the anterior drawer test [2] , the ATaFL plays an important role in limiting the anterior displacement of the talus [2, 13] . This ligament is the most frequently injured ligament of the ankle (Figure 2 ), in part due to its biomechanics [11, 13] . In ankle dorsiflexion, the ATaFL inclines upward relative to its fibular attachment, becoming more horizontal. In plantarflexiondthe position in which most ankle sprains occurdit slopes downward, becoming more vertical. In this vertical position, it comes under strain, and the stabilizing effect of the CFL is removed, leaving the ATaFL vulnerable to injury on inversion [2, 11, 13] . Modern studies have confirmed the LaugeeHansen assertion that supinationeadduction (pure inversion) mechanisms initially result in injury to the LCL complex, including the ATaFL. LCL injury also occurs initially in internal rotation mechanisms and early in plantarflexion mechanisms [3] . Because the ATaFL is intimate with the capsule, injury to the ligament may be secondarily recognized by extravasation of joint fluid or injected contrast [11] .
Anterolateral Impingement (ATaFL, ATiFL)
Chronic injury of the ATaFL, or less commonly a lowlying anterior (inferior) tibiofibular (ATiFL), may produce anterolateral impingement ( Figure 3 ). In this condition, bone or soft tissue occupies the anterolateral recess of the ankle, a triangular space located between the anterior facing surfaces of the tibia and fibula, partially bounded by the ATaFL, ATiFL, and CFL. Because this recess is necessary to accommodate the anterolateral border of the talus in dorsiflexion, filling the space causes obstruction of dorsiflexion. In the case of ATaFL injury, the impingement may be caused by posttraumatic synovitis or its organized mature form, the meniscoid lesion, which is seen on MRI as a hypointense structure that is usually triangular in axial sections. Pressure from such a meniscoid lesion may even erode the cartilage of the talar dome. Rarely, a posttraumatic ossicle may also cause impingement [16] .
CFL
The longest component of the LCL [2] , the CFL is a thin, round, extracapsular cord [2, 11] . It originates at [2] or just above [13] the tip of the lateral malleolus, passing inferiorly and posteriorly, just deep to the peroneal tendons; it inserts on a small tubercle on the lateral surface of the calcaneus [13] , sometimes described as tuberculum ligamenti calcaneofibularis [11] . In other literature this tubercle is given the name trochlear eminence [2, 6] dnot to be confused with the trochlear process, to which it is posterosuperior [13] , or with the retrotrochlear eminence. The CFL is difficult to visualize on MRI, with successful visualization reported in only 80% of cases [4, 8] . It may be convenient to identify the ligament in a retrograde manner by first identifying the trochlear eminence or the overlying peroneal tendons. Once the ligament is identified, it is often necessary to examine its course on multiple axial and coronal images [6, 15] . The CFL should be distinguished from the lateral talocalcaneal ligament, which lies more anteriorly [13] . For dedicated examinations of the CFL, some investigators have suggested imaging in plantarflexion [15] .
Because it crosses 2 joints, the CFL helps to stabilize both the ankle and the subtalar joint [2, 6, 13] . It is taut and vertical, and therefore most prone to inversion injury, when the ankle is in neutral position or dorsiflexion [2, 13] . The CFL is torn in 23%-40% of ATaFL tears ( Figure 4 ) [4, 8, 12] . Tears of the CFL almost always occur in conjunction with tears of the ATaFL; if the ATaFL is not injured, a tear of the CFL is unlikely [2] unless subtalar dislocation has occurred. Since the CFL passes deep to the peroneal tendons, rupture may be suspected indirectly when joint fluid communicates with the peroneal tendon sheaths [8] . A displaced distal tear of the CFL is a rare cause of posterior impingement (discussed below with the PTaFL) [6] .
PTaFL
A rarely injured intracapsular ligament, the PTaFL is thick and trapezoidal in shape. It arises from a wide posterior and lateral talar footprint including the lateral tubercle of the posterior process (or the os trigonum, if present); it passes anterolaterally within the transverse plane to insert widely on the concave fibular malleolar fossa. The latter is located at the posteromedial aspect of the lateral malleolus [2,11,13e 15] . Because of its horizontal course, on MRI the PTaFL is optimally visualized in the axial plane [14, 15] . Like the deep deltoid ligament, it has a striated appearance that has been microscopically shown to reflect areas of fatty tissue within the ligament; this appearance should not be confused for a tear [15] . The PTaFL can be distinguished from the posterior (inferior) tibiofibular (PTiFL) by its attachment in the concave malleolar fossa. It originates at the same level as the ATaFL; in fact, when radiologists look for the concave medial surface of the fibula to locate the ATaFL, it is the insertion of the PTaFL they are using as their reference [15] .
The PTaFL restrains the talus from posterior displacement. The ligament is most taut in dorsiflexion, a position in which bony constraints provide additional stability [2] . Hence PTaFL injury is rare ( Figure 5 ) unless there is a frank dislocation of the ankle [13] . Myxoid degeneration of the PTaFL may simulate injury via thickening and increased signal [3] . Chronic injury may lead to posterior impingement [3] .
Superior to the PTaFL is the posterior intermalleolar ligament, a ligament of variable attachments and shape, extending medially as far as the medial malleolus ( Figure 6 ) [13] . The posterior intermalleolar ligament is best assessed on coronal and axial images [3] . The appearance of this ligament in the sagittal plane, like that of the PTiFL, should not be confused for a loose body [4] . In plantarflexion, the ligament becomes lax and susceptible to posterior impingement [13] .
Posterior Impingement (PTaFL, Intermalleolar Ligament, PTiFL, CFL)
In posterior impingement, plantarflexion of the ankle causes the posterior talus and surrounding soft tissues to become compressed between the tibial plafond and the posterosuperior aspect of the calcaneus. Although posterior impingement is usually caused by osseous variants such as an os trigonum or a prominent posterolateral (Stieda) process, this condition also occurs as a result of chronic injury to ligaments including the PTaFL, the posterior intermalleolar ligament, or the PTiFL [7, 9, 16] . Rarely, a CFL that has torn near its calcaneal attachment may become displaced and entrapped [16] . MRI findings include abnormal ligament or soft tissue morphology, marrow oedema, and synovitis [7, 9, 16] . Injuries to many of the same ligaments have been also implicated in the seldom-described posterolateral impingement syndrome [8] .
Medial Collateral (Deltoid) Ligaments
The medial collateral ligament (MCL) complex consists of 2 distinct ligamentous layers, both arising from the medial malleolus. Even though the constituents of the 2 layers have been described differently by different investigators, it is accepted that there is a strong, more posterior deep layer, whose constituents insert only on the talus, and a wide, deltashaped, and more anterior superficial layer, whose constituents fan out to insert on multiple structures including the navicular bone, the spring ligament, and the calcaneus [2, 13, 17] , mostly crossing 2 joints [6] . At dissection, the layers often appear as continuous sheets, and it has been argued that the division of the ligament is somewhat artificial [8, 13] . Here we focus on the components that are most relevant to clinical MRI. To understand their anatomy, it is helpful to recall that the medial malleolus features 2 colliculi, anterior and posterior. 
Deep Layer
The thicker, stronger component of the deep layer, the posterior tibiotalar ligament (PTiTaL) arises from the posterior one and a half colliculi of the medial malleolus. It passes inferiorly, posteriorly, and laterally to an insertion that extends as far posteriorly as the medial tubercle of the posterior process of the talus [2, 14, 17] . On MRI, it is well seen in the axial plane [14] and the coronal plane [15, 17] . Like the PTaFL, the PTiTaL has a striated appearance (Figure 7) that has been microscopically shown to reflect areas of fatty tissue within the ligament. This appearance should not be confused for a tear [6, 13, 15] . Some authors also recognize a distinct PTiTaL somewhat deeply situated within the superficial layer; it may be absent as an normal variant [8, 13] . The second component of the deep layer, the anterior tibiotalar ligament (ATiTaL), is very thin and may be absent as a normal variant [2, 13, 15] ; hence it is not discussed further.
Superficial Layer
The most anterior ligament of the delta-shaped superficial layer, the tibionavicular ligament (TiNaL) arises from the anterior aspect of the anterior colliculus; passing anteriorly, it inserts on the dorsomedial aspect of the navicular bone, just above the superiormost component of the spring ligament complex (that is, the superomedial spring ligament) [2, 17] . Posterior to the TiNaL, the tibiospring ligament (TiSprL) arises similarly from the anterior aspect of the anterior colliculus and inserts directly on the superomedial spring ligament [2, 17] . Finally, the tibiocalcaneal ligament (TiCaL), which is variably present [13] , arises from the medial aspect of the anterior colliculus and descends almost vertically to insert on the sustentaculum tali of the calcaneus [2, 17] . In descending frequency, Mengiardi et al [17] reported MRI visualization in normal individuals of the TiSprL (in 100% of individuals; on coronal images), TiCaL (88%; coronal), and TiNaL (55%; coronal or axial). Muhle et al [15] , considering the TiSprL as part of the TiNaL, preferred the axial plane for evaluation of the TiNaL.
Function
The deep component of the MCL functions to restrain the talus against anterior and lateral excursion [2, 17] . Because the cross-section of the talar dome is smaller medially than laterally, this function can be served adequately by a single continuous ligament complex instead of 3 discrete ligaments [4] . As this complex functions in concert through its range of motion, much like its lateral counterpart, different components become taut in dorsiflexion and plantarflexion [2] . Meanwhile, the superficial MCL helps to support the talar head and talocalcaneonavicular joint via the TiNaL and TiSprL [2] and prevents the calcaneus from assuming valgus alignment via the TiCaL [8, 17] . For this reason, sectioning the deltoid causes the spring ligament to sag and contributes to pes planus alignment [4] . Injuries of the MCL complex account for approximately 9%-15% of ligamentous ankle trauma [12, 17] . In the LaugeeHansen classification, injury to the deltoid ligament is the first stage in the pronatione abduction (eversion) mechanism, a result that has been supported by experimentation [3] . Because eversion mechanisms are uncommon, and the MCL is strong, isolated lesions of the MCL complex are rare ( Figure 8 ) [2, 17] . Deltoid injury may also be produced in an early stage of dorsiflexion [3] . According to Mengiardi et al [17] , the most commonly injured ligaments are the TiNaL and TiSprL. In addition to the usual signs of ligamentous injury, loss of normal fatty striation of the PTiTaL serves as an indicator of injury [6, 16] .
Anteromedial (ATiTaL) and Posteromedial (PTiTaL) Impingement
Chronic injuries to the MCL are responsible for 2 rather uncommon ankle impingement syndromes. In anteromedial impingement (Figure 9 ), abnormalities of the anterior aspect of the deltoid ligament impinge against the talar dome as its articulating portion widens in dorsiflexion. In posteromedial impingement, abnormalities of the posterior aspect of the deltoid ligament cause it to be caught in the narrow space between the talus and lateral malleolus. MRI findings include abnormal ligament or soft tissue morphology, chondral lesions, and marrow oedema [7, 9, 16] .
Plantar Calcaneonavicular (Spring) Ligaments
The spring ligamentous complex consists of 3 medialsided ligaments which originate at or near the middle facet of the calcaneus, fanning out in a curved fashion to insert in various locations about the navicular (Figure 10 ). These ligaments help to deepen the concave articular surface of the navicular and form a socket-like structure for the head of the talus that has been described as the acetabulum pedis (of the foot) [18] .
The nomenclature for this ligament complex is potentially confusing. The term spring ligament has been variably employed to describe only the superomedial or inferoplantar component, although more recently the consensus has been to use it for all 3 components. It is not sufficient to call this complex the (unqualified) calcaneonavicular ligament, as there is a lateral calcaneonavicular ligament that forms part of the bifurcate ligament [19] .
The most superior component, the superomedial spring ligament, is a broad ligament. It arises from the anteromedial margin of the middle facet of the calcaneus, arcing superomedially as it runs anteriorly to a wide insertion on the superomedial aspect of the navicular. It is best visualized in the coronal plane, situated just deep to the tibialis posterior (TP) tendon. It is to this component of the spring ligament that the tibiospring ligament connects, with the former clearly distinguishable as the thicker of the pair.
The intermediate component, the medioplantar oblique spring ligament, is a thin ligament of a few bundles, closely applied on its medial aspect to the superomedial ligament; hence it was only recently recognized as a separate structure. It arises from the coronoid fossa between the anterior and middle facets of the calcaneus (anterior to the superomedial ligament origin), running anteromedial to its insertion at the navicular tuberosity. It is best seen in the axial plane ( Figure 11 ) and often appears striated.
Finally, the inferoplantar longitudinal spring ligament is a thick rectangular ligament, the thickest of the 3 components. It arises from the coronoid fossa just anterior to the medioplantar ligament, running anteriorly a short distance to insert on the so-called navicular beak on the plantar aspect of the navicular bone. It is best seen in the sagittal and axial planes ( Figure 11 ) [2, 6, 18] .
Aside from forming part of the articulating surface for the head of the talus, the spring ligament complex also helps to support the medial longitudinal arch [18] . Insufficiency of the spring ligament, especially in association with insufficiency of the TP tendon, leads to pes planus alignment. Acute traumatic injury to the spring ligamentous complex is uncommon [2, 6] , with the superomedial component being most commonly injured ( Figure 12 ) [6] . Direct apposition of the talus and the TP tendon implies this component has been torn.
(Inferior) Tibiofibular Syndesmotic Ligaments
Because the talar dome is not cylindrical, but instead wider anteriorly than posteriorly, it is necessary for the normal ankle mortise to widen subtly in dorsiflexion and narrow subtly in plantarflexion. The ATiFL, along with the other syndesmotic ligaments, facilitates this movement by binding the distal tibia and fibula together in a semirigid manner [5, 13] . Additionally, by angling distally as they pass from tibia to fibula, the syndesmotic ligaments aptly restrain the fibula against descent [8] . Instances of injury to the syndesmotic ligaments are commonly known as high ankle sprains [6] .
To understand the anatomy of the syndesmotic ligaments, it is helpful to review some bony landmarks. The facing surfaces of the distal tibia and fibula both demonstrate a ridgelike interosseous crest (crista interossea) for the attachment of the interosseous membrane. Approximately 6-8 cm above the level of the ankle joint, each crest bifurcates both anteriorly and posteriorly, forming the apex of a triangle that continues to widen distally until the level of the ankle joint [5] . The surface of the tibial triangle, the incisura or fibular notch of the tibia [8] , is concave, while that of the mating fibular triangle is convex.
On the tibial side, the bifurcated anterior margin terminates in the anterior tubercle of the tibia, also known as Chaput's tubercle; this important landmark is located about 5 mm above the level of the ankle joint line. On the fibular side, the anterior margin terminates in the anterior tubercle of the tibia, or WagstaffeeLe Fort tubercle [5] .
ATiFL
The ATiFL is a short flat band consisting of several fascicles [2, 5, 13] . It arises from the area of the Chaput tubercle of the tibia (see anatomy overview above), passing distally and laterally, 30 -50 from horizontal, to insert on the WagstaffeeLe Fort tubercle of the fibula [5, 6] . The ligament is triangular or trapezoidal in the coronal plane, with the distal fibers longer than the proximal fibers [5, 13] . A more distinct distal fascicle, sometimes called Bassett's ligament, is often identified [5, 13, 16] . The ATiFL is partially intra-articular [2] , explaining why tears are sometimes identifiable using arthrography [5] . Because of its oblique course, this ligament is best evaluated on successive axial images [4, 5, 8] ; even though some authors have found it difficult to visualize in the coronal plane [4] , in our experience it is a useful alternative ( Figure 13 ). The fascicular architecture of the normal ligament should not be confused for a tear [2, 5, 6] . Lest it be confused with the ATaFL, the ATiFL should be identified on axial images above the level of the joint line, where the medial surface of the fibula is straight or convex [15] .
The weakest and most commonly injured of the syndesmotic ligaments [5] , the ATiFL is injured in 10%-11% of ankle sprains (Figure 14) [2, 12] . Interestingly, in the Laugee Hansen classifications, injury to the ATiFL is postulated to be the first stage of the supinationeadduction rotation injury mechanism, supposedly the most common injury mechanism; however, experimentation has failed to duplicate this result [3] . Much like injury of the ATaFL, chronic injury of the distal fascicle (Bassett's ligament), especially if low lying, may lead to anterolateral impingement [13, 16] . However, contact between the distal fascicle and the talus can be seen in normal individuals [13] .
PTiFL (With Inferior Transverse Ligament)
The 2 entities named above are considered either 2 adjacent ligaments or 2 components of the same ligament, described, respectively, as superior and inferior [2, 6] , or superficial and deep [13] .
The PTiFL proper is a triangular ligament. The posterior analog of the ATiFL, it arises from the posterior tibial tubercle, passing distally and laterally, angled 20 -40 from the horizontal, to converge on the posterior fibular tubercle [5, 13] . Situated inferior and deep to the PTiFL proper is the inferior transverse ligament ( Figure 6 ), a thick cone-shaped band. This ligament arises from a wide tibial attachment immediately posterior to the cartilage of the tibial plafond, beginning almost as far medial as the medial malleolus. As the name suggests, it passes almost horizontally to insert on the upper portions of the fibular malleolar fossa [5, 13] . Along the way it drapes across the posterior of the tibiotalar joint below the bony margins, acting as a labrum that resists posterior translation of the talus [13] . The PTiFL is best seen in the axial plane and should be carefully distinguished from the PTaFL as described above, with note made that the inferior portions of the PTiFL may appear on the same section as the talar dome [4, 8] . Its appearance in the sagittal plane should not be confused for a loose body [4, 16] .
The PTiFL (with the inferior transverse ligament) is strong and rarely injured ( Figure 15 ) [2] . In the LaugeeHansen classifications, injury to this ligament does not occur as the first stage of any of any mechanism. Furthermore, injury to the syndesmosis as the second stage of the ''pronationeabduction'' (eversion) mechanism has been shown to be much less common than previously supposed [3] . Chronic injury of the ligament, much like that of the CFL, PTaFL, and intermalleolar ligament, may lead to posterior impingement [16] .
Intraosseous Ligament
A continuation of the interosseous membrane [5, 6, 13] , the intraosseous ligament consists of a dense mass of short fibers Figure 13 . Syndesmotic ligaments: anterior (inferior) tibiofibular (ATiFL). A coronal fluid-sensitive image well demonstrates the multifascicular appearance of the ATiFL. In evaluating the ATiFL, coronal images are a useful adjunct to axial images. Figure 14 . Syndesmotic ligament injury. In this 26-year-old male professional football player, axial fluid-sensitive images initially demonstrate complete tearing of the anterior (inferior) tibiofibular (ATiFL; arrow; verified on several contiguous axial images) and partial-thickness tearing of the posterior (inferior) tibiofibular (PTiFL; arrowhead). Note that the syndesmotic ligaments appear on an axial level in which the fibula has a convex or flat medial surface. [5, 13] . These fibers arise from the triangular incisura of the tibia, passing laterally, distally, and usually anteriorly to insert on the facing surface of the fibula [5] . The fibers successively increase in length distally, resulting in a network of pyramidal configuration [5] . On axial MRI images, the ligament fibers have the appearance of multiple small dots [5] .
Authors have divergent opinions about the intraosseous ligament's contribution to syndesmotic stability [13] . In fact the ligament itself is widely variable in robustness, being more prominent in individuals with reduced incisural concavity, for whom there is less inherent mechanical syndesmotic stability [5] . No direct radiologic indicators of ligament injury are readily found in the literature. Since the ligament forms the roof of the syndesmotic recess, an indirect indicator of injury is the upwards extension of tibiotalar joint fluid greater than 12 mm from the joint line [6] .
Conclusion
MRI is a valuable tool for evaluating ligamentous injury at the ankle. By applying an accurate knowledge of ligament anatomy, function, and injury, radiologists can be instrumental in evaluating this very common type of musculoskeletal ailment and its long-term effects.
